The hand is a complex anatomical structure with the component bones susceptible to a combination of environmental and genetic factors that may affect the bone length and width. The alterations may involve a single bone or specific group of bones. The metacarpophalangeal pattern profile (MCPP) developed by Poznanski, Garn, and others (Poznanski et al. Birth Defects VIII (5): [125][126][127][128][129][130][131] 1972) is a graphic representation of the relative lengthening and shortening of the 19 tubular bones of the hand useful for diagnosis, comparison of dissimilar patients, and gene carrier detection. The profile hand bone measurements are derived from posteroanterior hand radiographs and are standardized for age and sex. Specific profiles have been developed for several syndromes. Therefore, MCPP analysis has developed from a method of describing changes in the hand to a technique useful in assigning a diagnosis to a specific syndrome and evaluation of skeletal development. The current status of MCPP analysis in clinical genetics, particularly with the Prader-Labhart-Willi and Sotos syndromes, is discussed.
The alterations may involve a single bone or specific group of bones in a digit (e.g., HoltOram syndrome) or within a row of bones such as the metacarpals (Proger et al., 1968; Poznanski et al., 1970) . There are syndromes in which non-homologous segments of the hand are affected and others characterized by size reduction of a single segment such as the middle phalanx of the fifth digit (Garn et al., 1972) .
Investigators in the past have attempted to examine specific hand bones in syndromes, for example, Down syndrome and the "metacarpal sign" or gradient of metacarpal shortening in Turner syndrome described by Archibald et al. (1959) . Ratios of length and width of major hand bones have also been examined in Marfan syndrome and other connective tissue disorders (Parish, 1967) .
These methods were helpful in certain conditions, but there was a need to describe the overall relationship of the hand bone lengths. Subtle changes may be detected by examining the overall relationship that may be overlooked in the routine radiological hand examination. An MCPP was developed by Garn et al. (1972) and Poznanski et al. (1972a) as an approach to the above problems. MCPP analysis is a graphic method of depicting lengthening and shortening of the tubular hand bones and their relationship to one another (Poznanski et al., 1972a) . The hand bone lengths used for the profile are measured from posteroanterior radiographs and converted to Z scores from established bone length standards for age and sex (Garn et al., 1972; Poznanski, 1974) . MCPP analysis as a tool for diagnosis has been applied to several syndromes as represented by published profiles in Table 1 . Several of these syndromes have specific patterns that are easily recognized, while other patterns are not as striking and detailed statistical analysis is required before clinical application.
We have recently derived a method of MCPP analysis for the Prader-Labhart-Willi and Sotos syndromes to evaluate the potential of this technique to serve as an additional diagnostic criterion, particularly for the younger patient.
MATERIALS AND METHODS
Posteroanterior hand radiographs were obtained for 38 individuals (23 males and 15 females with an age range from 0.2 to 38.5 years and a mean age of 12.2 years) whose clinical features (neonatal hypotonia, neonatal feeding problems, delayed developmental milestones, mental retardation, obesity [87% of individuals with triceps skinfolds > 85th percentile], small hands and feet, hypogonadism and chromosome 15 deletions [54% of individuals]) were consistent with the diagnosis of Prader-Labhart-Willi syndrome (PLWS). Therefore, two PLWS groups were identified, with 20 individuals and the chromosome 15 deletion in one group and 18 individuals with normal chromosomes in the second group.
Posteroanterior hand radiographs were also obtained for 16 individuals whose clinical features (large size at birth, large hands and feet, macrocephaly, downslanting palpebral fissures, hypertelorism, poor coordination, and variable mental retardation) were consistent with the diagnosis of Sotos syndrome. This group included 11 males and 5 females ranging in age from 0.8 to 13.8 years, with a mean age of 5.4 years.
The metacarpophalangeal bone lengths of each subject were measured to the nearest 0.1 mm with a vernier caliper and compared to bone length standards appropriate for age and sex (Garn et al., 1972; Poznanski, 1974) . Through these comparisons, Z score values for the 19 bones of each subject were obtained (Z score = observed bone length minus mean bone length divided by the standard deviation associated with the particular age and sex of normal standards). The MCPP for a given individual is, therefore, the set of 19 Z scores, which may be plotted on a graph or subjected to various statistical methods for study and comparison with the MCPP of other individuals or groups of individuals.
A mean pattern profile, based on the average Z score for each bone of the individual, was derived. The pattern of each individual was compared to the group mean pattern via a correlation program which produces Pearsonian r values.
A forward stepwise method of discriminant analysis was performed on the 19 Z scores and age for the individuals with Prader-Labhart-Willi or Sotos syndromes and a control group of 41 normal subjects whose hand radiographs were randomly obtained from the records of Indiana University School of Dentistry, Department of Orthodontics. The sample of 41 control subjects included 17 males and 24 females, with an age range of 9.5 to 18 years and a mean age equal to 13.1 years. The purpose of applying the discriminant method was to discover whether a smaller combination of variables would clearly separate groups of affected individuals from normal subjects, thus providing an easily applied diagnostic tool for the clinician evaluating a patient suspected of having one of these disorders. Figure 1A presents the mean pattern profile based on the 38 individuals with PraderLabhart-Willi syndrome. It is essentially flat with no obvious vertical deviations. The mean Z scores fall between −1.7 and −2.3. Therefore, each hand bone was significantly shorter than normal at the 5% level. From the profile, it appears that the distal hand bones are shorter than the proximal bones. The mean Z scores of the two groups of PLWS individuals based on the chromosome results (deletion or nondeletion) showed two separate profiles (Fig. 1B ). An obvious separation of the two profiles exists when comparing the metacarpals, but there is overlap for the remaining bones.
RESULTS
The Pearsonian r test to assess similarity between the individual patterns and their group mean reveal 14 of 20 members of the deletion chromosome group and seven of 18 nondeletion members with a significant positive correlation at the 5% level. Thus, the deletion chromosome group appears more homogeneous, which contrasts with the heterogeneity of the nondeletion group.
A stepwise discriminant analysis of all 38 PLWS and 41 control individuals resulted in a correct classification rate of 96.2%. This discriminant function was based on three of the 19 hand bones plus age. The three MCPP variables in the discriminant function were Z scores representing (1) the fifth distal phalanx, (2) the fifth middle phalanx, and (3) the fifth metacarpal. Therefore, all of the discriminating variables between the control and PLWS individuals were of the fifth finger.
The mean pattern profile based on the 16 individuals with Sotos syndrome contains one major peak in the proximal phalangeal area (Butler et al., 1985) . The mean Z scores fall between 1.5 and 3.5. Any Z score of 0.5 or higher is significantly different from zero; therefore, each hand bone is significantly longer than the mean for normal individuals at the 5% level. From the profile, it appears that the distal hand bones are relatively short compared with the proximal bones. Next, the correlation program was used to assess similarity between the mean pattern and the pattern of each of the 16 individuals. A significant positive correlation was found in 12 of the 16 individuals.
Discriminant analysis of the normal and Sotos syndrome cases resulted in a discriminant function based on two of the 19 MCPP variables plus age (Table 2 ). In the discriminant analysis, patients with Sotos syndrome were distinguished from the normal control group at an overall correct classification rate of 100% for our sample.
DISCUSSION
The small and large hand sizes in Prader-Labhart-Willi and Sotos syndromes, respectively, are well known clinically. The mean pattern profiles based on the individuals we have studied confirm these impressions in quantitative terms.
Hand pattern profiles should not change with age, although the influence of certain factors (e.g., malnutrition) on the hand profile is not known (Hayes and Say, 1977) . Thus metacarpophalangeal pattern profiles of affected individuals have shown good consistency from one age to another in normal individuals and in subjects with recognized syndromes (Hayes and Say, 1977) .
The results of discriminant analysis suggest that effective classification of PLWS and Sotos syndrome indivduals compared with normal individuals on the basis of MCPP data is possible. These observations suggest the potential of this multivariate statistical method in the evaluation of patients in whom either Prader-Labhart-Willi or Sotos syndromes are suspected. The advantage of discriminant analysis is the possibility that group separation will be maximized on the basis of two to three hand bone lengths alone, thus providing all the information needed to separate affecteds from normal. A suspected patient's D score value for these variables could then be entered into the linear equation to determine whether the individual's discriminant score falls within the range of scores for affected individuals. Poznanski (1984) has emphasized the superiority of discriminant analysis in correctly classifying affected and normal individuals as compared with correlation studies. Similarly he stressed the potential of multivariate statistical methods for improving the recognition of similarities and differences between patterns.
Discriminant analysis was also used by Landry et al. (1979) to separate hand patterns among several syndromes (Down, Turner, achondroplasia, and normal) . Their analysis of the MCPP data resulted in approximately 20% improvement in classification over the use of correlation studies (Landry et al., 1979) . Their results suggested that certain congenital malformation syndromes may be grouped with good accuracy on the basis of MCPP data, and encouraged the development of an automated system for pattern recognition in the diagnosis of certain syndromes.
Discriminant analyses of MCPP data of other syndromes have been undertaken. Kaler et al. (1982) examined MCPP data from individuals with Crouzon syndrome with a stepwise forward discriminant analysis program. They found that these individuals could be discriminated from a normal control population with a correct classification rate of 88.3% by the use of only three of the 19 MCPP variables. Although the Crouzon syndrome hand is considered radiologically normal, subtle differences were identified via discriminant analysis of MCPP data that may have been overlooked with correlation studies.
Not only may MCPP analysis be used as a diagnostic tool, but it may have value in nosology. Kaler et al. (1982) found high correlations (+0.69 to +0.88) when comparing mean pattern profiles of individuals with Crouzon, Pfeiffer, and Carpenter syndromes. On the basis of the hand profile studies, they suggested there may be a common developmental mechanism, varying in extent, which acts on the hand skeleton in each of the three (Crouzon, Pfeiffer, and Carpenter) genetically distinct craniosynostosis syndromes.
The role of physical anthropologists such as Stanley Garn and others in the development and application of hand profiles should be emphasized. MCPP is an anthropometric method of demonstrated value in medical genetics, representing a salient example of the contribution that applied biological anthropology may lend to clinical medicine. 
